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Dispatchesis turned off, and the ‘cost landscape’
returns to normal, the subjects displayed a
surprisingly long latency, where they
maintained a stride frequency that would
have satisfied the previous artificially
induced landscape optimization. One
would assume that if individuals are indeed
sensitive to the cost of walking, theywould
spontaneously return to their former
(normal) minimum cost stride frequency.
This could also be an important clue
regarding how the system operates. The
authors point out that removing the
influence of the torque device results in a
lowering of the walking cost, even if the
subjects do not alter their stride
frequency [4]. What motivation is there
to locate a new minimum if the system
isprovidedwitha ‘windfall’ of reducedcost
without having to adjust control? As a
result, themovement strategy loiters at the
previous optimum much longer than it
does when given an increased cost with a
newly available optimum.
We observe that healthy humans
generally walk in a similar manner. Is thisCurrentbecause of species-level evolutionary
adaptation, because our coordination
systems develop and learn in the same
way or because we are all solving
basically the same energetic problem?
Certainly all these factors (andmore) have
their influence. The Selinger et al. study [4]
conclusively demonstrates that humans
do solve at least part of the problem
by coordinating their movements to
optimize immediate metabolic energy
expenditure. At this point, the
mechanisms through which this is
accomplished are not clear, but it is
impossible to identify mechanisms unless
their effects are recognized. This study
adds a new dimension (and a novel
technique) to our understanding of
how humans move the way they do in
walking.
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There is increasing computational evidence that the exceptionally high vulnerability of dopaminergic neurons
in Parkinson’s disease may be due to their unique axonal architecture and resulting metabolic needs. A new
experimental study has actually demonstrated this.Why specific subsets of neurons in
Parkinson’s disease (PD) are particularly
vulnerable is one of the central unresolved
mysteries, not only relevant to PD but to
every neurodegenerative disorder. The
motor manifestations of PD are largely
due to degeneration of dopamine (DA)
neurons in the substantia nigra pars
compacta (SNpc). Various hypotheses
regarding the pathogenesis of the
disease suggest that the mechanisms
underlying dopaminergic cell death might
be the consequence of mitochondrial
dysfunction, alteration of proteindegradation pathways, misfolding and
aggregation of proteins such as
a-synuclein, and/or the presence
of neuroinflammation. However, our
current knowledge about the selective
vulnerability of DA neurons is still limited.
DA itself was first viewed as a culprit as it
readily oxidizes to react with proteins,
lipids and nucleic acids, forms neurotoxic
derivatives, including 6-hydroxy-DA, and
interacts with intracellular iron or products
of monoamine oxidase to form toxic
oxygen radicals [1]. Another feature of
SNpc DA neurons is their distinctphysiological phenotype; adult SNpc DA
neurons are autonomously active,
generating regular, broad action
potentials in the absence of synaptic
input that rely in part on L-type Ca(v)1.3
Ca2+ channels. The opening of L-type
calcium channels during autonomous
pacemaking results in sustained calcium
entry into the cytoplasm of DA neurons,
resulting in elevated mitochondrial
oxidant stress and rendering them more
vulnerable to stressors [2].
More recently, using computational
methods to look specifically at2015 Elsevier Ltd All rights reserved R797
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Figure 1. Axonal arborization and bioenergetics measurements.
Increased axonal arborization size is associated with an increased basal oxygen consumption rate (OCR)
together with the presence of a higher density of mitochondria per axon in dopaminergic (DA) substantia
nigra neurons. Linked with an elevated OXPHOS rate, these neurons also display higher mitochondrial
levels of reactive oxygen species (ROS) in axonal terminals. Reducing axonal arborization through
overexpression of Semaphorin-7A (Sema7A) lowered basal OCR as well as ROS production.
Importantly, shifting towards a smaller axonal arborization structure reduces the vulnerability of DA
SNpc neurons to some mitochondrial toxins, such as MPP+ and rotenone.
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Dispatchesbioenergetics, it was proposed that
the energy cost of action potential
propagation and recovery of the
membrane potential increases with the
size and complexity of axonal arborization
[3]. The unusually large axonal
arborization and number of axon
terminals [4] of SNpc DA neurons may
explain their selective vulnerability.
A paper in this issue of Current Biology
from Pacelli et al. [5] tests this theoretical
prediction by comparing vulnerable SNpc
DA neurons to less vulnerable DA
neurons, such as those of the ventral
tegmental area (VTA). The authors
experimentally show that vulnerable
SNpc DA neurons differ from less
vulnerable VTA DA neurons by having
a higher basal rate of mitochondrial
oxidative phosphorylation (OXPHOS),
a smaller respiratory reserve capacity,
a higher density of axonal mitochondria,
an elevated level of basal oxidative
stress and a considerably more complex
axonal arborization.R798 Current Biology 25, R793–R810, SeptemEver since Ramo´n y Cajal described the
organization of the neurons in the
vertebrate nervous system in the late
1800s, intense efforts have been made
to investigate the complicated shape of
these cells. Depending on the brain region,
neurons vary in shape, length and axonal
arborization. DA neurons of the SNpc
present an extremely high density of the
intrastriatal arborization of the nigrostriatal
axons [4], and themagnitudeof their axonal
arborization is greater thanother classes of
less susceptible DA neurons and other
types of neurons [3]. These DA-containing
neurons have a strong influence on motor
control mainly by the projection from the
SNpcto thestriatum. It isestimated that the
axon of a single DA neuron of the SNpc
occupies up to 6% of the striatum volume
with frequent branching and highly
tortuous axonal arborization [4]. Given the
fact that mouse SNpc contains
approximately 12,000 DA neurons [6] and
that it was estimated that the axon of a
single SNpc DA neuron gives rise tober 21, 2015 ª2015 Elsevier Ltd All rights resebetween 102,165 and 245,103 synapses at
the level of the striatum [7], one canwonder
what can be the consequences of such an
extensive axonal field. To address this
issue, Pacelli et al. [5] took advantage of an
intrinsic anatomical differencebetweenDA
neuron populations of the SNpc and VTA.
Indeed, apart from different physiological
characteristics, such as expression of
calbindin, higher levels of the homomeric
G-protein-coupled inwardly rectifying K+
(GIRK) channels responsible for the
hyperpolarization of neurons, and low
neuromelanin content, VTA neurons have
strikingly different morphological
characteristics with fewer synapses and
much smaller axonal arborizations [7].
Using a mouse DA neuron primary system
in which DA neurons microdissected
from the SNpc and VTA can be separated,
the authors estimated the respiration
of mitochondria (OXPHOS) with a
Seahorse bioanalyzer, which allowed
measurement of both basal and maximal
cellular respiration in living neurons.
SNpc DA neurons showed a close to
three-fold increase of cellular respiration
compared to VTA DA neurons, being
near their maximal capacity at basal
state, which suggests that they are less
capable than other DA neurons of
increasing their production of energy when
required. This increase in cellular
respiration was specific for mitochondrial
respiration as ATP production through
glycolysis was similar in SNpc and VTA DA
neurons.
Most brain energy is used on synaptic
transmission [8] and elevated OXPHOS
could result from activity-dependent
mechanisms. Blocking sodium channels
with tetrodoxin (TTX) caused a significant
drop in basal OXPHOS selectively in SNpc
DA neurons, suggesting that the larger
proportion of basal oxygen consumption
in these neurons derives from
activity-dependent cellular processes
such as firing and neurotransmitter
release. Elegantly, Pacelli et al. showed
that Semaphorin 7A-induced reduction of
axonal arborization was associated with
lower mitochondrial respiration
specifically in SNpc neurons, further
supporting the hypothesis that the specific
axonal architecture of SNpc DA neurons
puts higher energy demands on these
neurons (Figure 1).
What are the consequences of elevated
basal respiration? It iswell established thatrved
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Figure 2. Whether to increase or decrease mitochondrial respiration?
Dopaminergic substantia nigra neurons show higher basal respiration that may lead to a decreased
capacity of boosting energy production in the presence of toxic factors. In this case, increasing
OXPHOS could represent a neuroprotective strategy. AICAR exposure leads to the activation of
adenosine monophosphate (AMP)-activated protein kinase (AMPK), which in turn elevates OXPHOS
activity. However, this strategy gives rise to increased levels of reactive oxygen species (ROS) and fails
to prevent cell death due to the mitochondrial toxin MPP+. SNpc DA neurons exhibit autonomously
generated activity that is dependent on L-type voltage-dependent Ca2+ channels (LTCC) of the Ca(v)1.3
type. Opening of these channels leads to extensive Ca2+ influx and this contributes to the higher
energetic demands of SNpc DA neurons. Blocking L-type Ca2+ with the channel blocker isradipine
reduces basal OCR and decreases neuronal vulnerability to MPP+, supporting the hypothesis that
elevated Ca2+ influx is associated with a considerable metabolic cost and oxidative stress. NCX:
sodium/calcium exchanger, TCA: tricarboxylic acid cycle.
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Dispatchesimpaired mitochondrial respiration is
associatedwithan increasedproductionof
reactive oxygen species (ROS). In a normal
situation, small amounts of molecular
oxygen in the mitochondria, rather than
being converted to water, are reduced to
ROS such as superoxide radicals [9].
Thanks to thearsenal of antioxidants inside
the mitochondria, the basal levels of ROS
byproducts of mitochondrial respiration
are minimal [9]. However, the authors
report that increased levels of OXPHOS
and the subsequent increase of ATP levels
was associated with an increase of ROS
production, inducing an elevated level of
basal oxidative stress specifically in SNpc
DA neurons. Although this increase of
basalROSproductionmight notbedirectly
due to the higherATPdemandbut rather to
lower levels of antioxidant molecules such
as glutathione [10], it suggests that SNpc
DA neurons present higher basal ROS
production, potentially leading to greater
cellular damage in the context of PD.
What can cause an elevated
mitochondrial rate of OXPHOS in SNpc
DA neurons? An elevated rate of OXPHOS
in SNpc DA neurons could be due to more
active mitochondria, a higher density of
mitochondria or a combination of both.
Here, Pacelli et al. showed that
mitochondrial density was two-fold higher
in the axonal compartment of SNpc DA
neurons compared to VTA DA neurons
and that this contributed to the increase of
ATP production in this compartment,
highlighting the importance of
mitochondrial transport and subcellular
distribution for neuronal function. It is
worth noticing that compared to non-DA
neurons, SNpc DA neurons exhibit three
times slower mitochondrial axonal
transport [11], a reduced number of
mitochondria in the cell body and
dendrites [12], and smaller mitochondrial
size [11]. Moreover, this particular
feature of DA neurons may also explain,
at least in part, the apparent increased
susceptibility of striatal dopaminergic
terminals, compared to dopaminergic
nigral cell bodies, to the degenerative
process in PD [13].
What are the implications of these
findings for neuroprotective strategies?
Pacelli et al. strikingly showed that
Semaphorin-7A treatment was
neuroprotective, significantly decreasing
the vulnerability of SNpc DA neurons to
both PD-related mitochondrial toxinCurrentMPP+ and rotenone. However, promoting
the retraction of the axons of surviving DA
neurons might not represent the right
strategy, as it will result in DA release
decrease. Maybe an alternative approach
to the treatment of PD could be to modify
the supply of energy to DA neurons.
Complex SNpc DA neurons could be
more vulnerable to toxic stress because
they lack sufficient energy to maintain key
cellular functions under conditions that
challenge cellular bioenergetics. If this
were the case, increasing OXPHOS could
be neuroprotective. Alternatively, the high
basal OXPHOS could put DA neurons at
risk because of its association with
oxidative stress, in which case elevating
OXPHOS would fail to protect SNpc DA
neurons. Pacelli et al. show that an
AICAR-induced increase of OXPHOS
failed to change basal neuronal survival
and vulnerability of DA neurons toBiology 25, R793–R810, September 21, 2015 ªmitochondrial toxins whereas reducing
activation of L-type Ca2+ channels with
the negative allosteric regulator isradipine
produced a small but significant reduction
in basal respiration in SNpc neurons,
and significantly reduced the vulnerability
of SNpc DA neurons to MPP+ toxin
(Figure 2).
Overall, considering multiple factors
that may contribute to the vulnerability
of DA neuron subgroups may provide
additional opportunities for the discovery
of novel therapeutic strategies for PD as it
is likely that several events in combination
mediate the selective vulnerability of DA
neurons in PD.REFERENCES
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Natural bacterial populations often live on surfaces in complex communities called biofilms. These stress-
resistant groups are often thought to result from cooperative interactions between disparate species, but
recent experiments argue that biofilms are primarily a protective response to competition.Historically, microorganisms have
generally been studied in isogenic,
planktonic cultures, with the
microorganisms floating free from
attachment in simple, well-mixed
environments. In modern microbiology,
however, there is a great deal of interest in
what happens when microbes abandon
their free-living lifestyle to form self-
adhered communities known as biofilms.
This interest is not merely academic —
biofilms are extremely common in nature,
and they frequently run afoul of human
interests [1]. Clinical biofilms on implanted
and indwelling devices (such as catheters
and stents) and elsewhere in the body
(for example, Pseudomonas aeruginosa
biofilms in the lung) form infections that
are extremely difficult to eradicate
(Figure 1A). In the wider world, ‘biofouling’
by overgrowth of microbial biofilms is an
expensive and ubiquitous problem in
industries ranging from aquaculture toshipping to oil production (Figure 1B).
Given that biofilms are an example of
apparently successful group living, many
researchers have thought of biofilms
as examples of microbial cooperation.
A recent paper by Oliveira et al. [2],
however, provides evidence that biofilm
formation is often induced as a result of
competition.
The idea of biofilms as cooperative
endeavors has a substantial recent history.
This idea comes partly from the surprising
structural and functional complexity within
these communities [3]. Consistent with the
idea that biofilms are cooperative, cell–cell
communication has been shown to direct
aspects of biofilm establishment and
maturation, such as microcolony
aggregation and cell differentiation [4,5]. It
has even been suggested that these
events are part of a multicellular
developmental program that has evolved
in the spatially localized niche provided bysurface-associated biofilms, which can
integrate multiple microbial species into a
physically adhered and physiologically
coordinated community [3].
Other recentwork suggests that this sort
of coordinated, communication-mediated
growth and differentiation is not always
necessary to explain biofilm development.
A variety of stresses have been shown
to induce biofilm formation, including
exposure toantibiotics [6] andother natural
products that cause cell damage [7].
Biofilm formation can therefore represent a
protective response for bacteria
experiencing physiological stress [8].
Furthermore, much of our
understanding comes from the study of
isogenic biofilms in the laboratory, making
it unclear how well the cooperative model
describes the taxonomically diverse
biofilms present in nature [9]. It has been
suggested that competition, rather than
cooperation, should dominate inrved
